Summary
In human and small animal intensive care medicine percutaneous sheath introducer (PSI)sets are commonly used for repeated insertion of an arterial or a venous catheter with only one vascular puncture.
We used PSI for chronic catheterization of swine with a Swan-Ganz thermodilution catheter via a surgically exposed external jugular vein. In this way we were able to change defective catheters or correct the position of the catheter tip without renewed surgical intervention.
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It is sometimes necessary to undertake biomedical research on conscious animals. Due to their similarity to man, swine especially are becoming increasingly popular as models for physiological and pathophysiological investigations. Whereas invasive haemodynamic monitoring and repeated blood sampling of the anaesthetized swine is comparatively simple, the conscious animal requires special consideration. In order to minimize the stress for both the swine and the investigator, and to make it possible for a series of blood samples or haemodynamic measurements to be taken, implanted catheters are necessary. In swine many methods of using exteriorized chronic catheters have been reported (Christison 1969 , Wingfield 1974 , Witzel 1973 . None of these techniques, however, makes it possible for a catheter to be changed or its position altered without 
Materials and methods
This study was designed in accordance with German law for animal protection, and was approved by the Review Board for the Care of Animal Subjects at the Regierungsprasidium Freiburg. Artificial illumination (300 Luxl was provided for 12h per day from 07:00-19:00h. The animals were allowed free access to drinking water and a standard diet (Ein-Mast-Korn 4371, Alleinfutter fur Mastschweine, Club-Kraftfutterwerke, Mannheim, Germany). After a S-day adaptation period, food was withdrawn 24 h and water 3 h before the induction of anaesthesia. The animals were premedicated with an intramuscular injection of 0.2 mg/kg flunitrazepam (Rohypnol®, Hoffmann-La Roche, Grenzach-Wyhlen, Germany) and 7mg/kg ketamine (Ketanest®, Parke-Davis, Freiburg, Germany).
Animals and anaesthesia
Anaesthesia was induced through an earvein cannula with 0.1 mg/kg flunitrazepam and 10 mg/kg ketamine, and maintained following endotracheal intubation by continuous infusion of 0.12mg/kg/h flunitrazepam, 24 mg/kg/h ketamine and 0.1 mg/kg/h pancuronium (Pancuronium®, Organon Teknika, Eppelheim, Germanyl. Mechanical intermittent positive pressure ventilation with an oxygen/nitrous oxide mixture (F,02=0.4) was provided by a constant-volume ventilator (Servo 900 B, Siemens-Elema, Erlangen, Germany). The respiratory rate was set at IS/min and the minute-volume and inspired oxygen concentration adjusted to maintain an endtidal carbon dioxide tension IP ET C0 2 ) between 35-40 mmHg, and an arterial oxygen tension between 100-150 mmHg. Intravenous Ringer's solution (lOmL/kg/h) was given continuously to maintain the fluid balance.
The left external and internal jugular veins and common carotid artery were exposed through a ventral paramedian incision.
Vessel loops (Ligaloop®, Braun-Dexon, Spangenberg, Germany) and ligatures (Novafil® 2-0, Braun-Dexon) were passed around each vessel, cephalad and caudad to the intended site of cannulation. After inserting the PSI into the external jugular vein, a number 7 French Swan-Ganz thermodilution catheter (Baxter, Irvine, California, USA' was introduced through the valve (Fig. 1) and inserted into the pulmonary artery to monitor the mean pulmonary arterial pressure 71 Fig 1 Assembled system as it would appear in the jugular vein. Swan-Ganz catheter is introduced into the top of the catheter sheath through the haemostasis valve. Flushing of the catheter sheath is performed to the side arm port. (j) catheter sheath (2) sheath adapter with haemostasis valve @sideport @ distal part of the Swan-Ganz catheter ® catheter contamination shield (MPAP), cardiac output ICO), pulmonary capillary wedge pressure (PCWP), central venous pressure (CVP) and to sample the mixed venous blood for blood-gas analysis. The carotid artery was cannulated with a 16 gauge polyurethane catheter (Cavafix®, B. Braun Melsungen, Melsungen, Germany) for monitoring the mean arterial pressure (MAP) and for blood-gas analysis. A 16 gauge polyurethane catheter (Cavafix®, B. Braun Melsungen) in the internal jugular vein served for drug administration and for parenteral nutrition. Each of the caudad ligatures secured the sheath as well as the arterial and venous catheters. All vessels were ligated cephalad to the cannula.
During the course of the operation all animals received 1 mega unit of penicillin (Griinenthal, Stolberg, Germany) intravenously as a single dose. The incision was closed with running sutures (2-0 Dexon, Braun-Dexon, Spangenberg, Germany) and the skin edges approximated with single sutures (2-0 Dermalon, Braun-Dexon). After weaning from ventilation, the animals were extubated and kept under intensive care. Animals received total parenteral nourishment after induction of Pseudomonas sepsis as described in detail elsewhere (Haberstroh 19951· 
Catheter management
The skin penetration point of the catheters was covered with antiseptic ointment IBraunovidone®, B. Braun Melsungen). A sterile split gauze pad was placed across it and secured to the shaved skin with self-adhesive gauze IFixomull®, Beiersdorf, Hamburg, Germany). All catheters were connected through 3-way stopcocks (Discofix®-3, Braun Melsungen) to perfusion tubes (Perfusor® tube, Braun Melsungen). The catheters were kept patent by continuous perfusion with 3 mL/h Ringer's solution (Kabi Pharmacia, Erlangen, Germany) containing 100IU/mL heparin (Liquemin®, Hoffmann-La Roche, Grenzach-Wyhlen, Germany) or pure Ringer's solution. Catheters and perfusion tubes were attached to an elastic string reaching down from the top of the cage to a chest harness of gauze bandages (Beiersdorf, Hamburg, Germany). This allowed the animals freedom of movement without danger of interference with the tubes. Catheter dressings were changed every 2 days.
Catheter replacement
Defective tip balloons of the thermodilution catheters were changed during the experiment. The swine were lightly sedated with 0.5 mg/kg body weight midazolam (Dormicum®, Hoffmann-La Roche, Grenzach-Wyhlen, Germany) allowing restraint in a supine position. Under sterile conditions the defective catheter was removed and a new one inserted through the catheter sheath without further surgical intervention.
Results
In all animals, anaesthesia and surgical implantation of the catheters were carried out without any complications, and the catheters kept patent for 7 days by flushing as described above. After recovery, the swine did not appear to be stressed by either the vascular instrumentation or the chest harness, or by the restraint imposed by the canvas sling used (see Panepinto (1983) for a full description of the method) while taking measurements. Catheter-related infection was avoided by using fully sterile surgical techniques at all times.
In three cases, the tip balloon of the thermodilution catheter became defective during the experiment and had to be changed. The catheter sheath made changing of the Swan-Ganz catheter easy without the need for further surgical intervention.
Discussion
There are some important considerations to bear in mind when using this technique. Whereas repeated puncture or catheterization of peripheral arteries or veins in conscious dogs is easy without local anaesthesia (Eichacker 1994) , the same procedure requires deep sedation or general anaesthesia in swine. Conscious swine must be chronically catheterized to allow serial withdrawal of blood and repeated haemodynamic measurements several times a day. In this way stress and harmful restraint can also be avoided.
Problems are commonly encountered when the catheter is secured directly to the vessel (Becker 1979 , Christison 1969 , Wingfield 1974 , Witzel 1973 ). Altering its position or changing a defective catheter is impossible without renewed surgical intervention. With our technique, which is also used in human and small animal intensive care medicine (Kaplan 1992) or in clinical or experimental percutaneous transluminal angioplasty (PTA) (Strecker 1994 , Wakhloo 1994 , manipulating or changing the catheter is easy in conscious or only lightly sedated swine. We therefore prefer a catheter sheath for the insertion of those catheters (e.g. the Swan-Ganz catheterl which may easily become defective if used repeatedly.
With our technique of catheter management, no damage to the catheters by the animals occurred. We do not share the opinion of other authors (e.g. Becker 1979, Shaw 19841that it is necessary to externalize the distal ends of the catheters at the back of the neck. We can thus avoid unnecessary tissue damage, which could be a potential source of infection.
In conclusion, the insertion of intravascular catheters for the chronic monitoring of the condition of a conscious animal is easy if a percutaneous sheath introducer set is used. It is even more important that catheters can then be manipulated without additional surgical intervention.
